Study design: Retrospective review of medical notes. Objective: To evaluate spinal cord injury (SCI) patients' compliance with bladder emptying method at long-term period after discharge and determine the frequency of urinary tract infections (UTIs). Setting: Inpatient rehabilitation unit of tertiary research hospital. Methods: Bladder management method of 164 new spinal cord injured patients were noted at discharge from rehabilitation center and follow-up. Patients were questioned whether they continued the initial bladder emtying method at follow-up, reasons for discontinuation and the history of treated UTIs. Results: The most common bladder management method at discharge from inpatient rehabilitation center was clean intermittent catheterization (CIC) (63.4%). At follow-up 42% of the patients who used CIC changed their bladder emptying method. Rate of reverting to urethral indwelling catheter (IC) was 21.4%. Reasons for the patients who switched to IC application were recurrent UTIs, incontinence, nephrolithiasis, dependence on care givers and urethral strictures. For all patients, the frequency of treated UTI in 1 year was 38.8%. The number of UTIs were highest in patients using IC. Conclusion: Many factors, including urological complications, patient's preference, living environment, life-style and level of injury should be considered in deciding the method of bladder management in SCI patients. The CIC is a reliable and effective method in selected SCI patients. Despite changes in bladder emptying method, CIC was the most preferred method at long-term follow-up. Education of patients on catheterization technique and periodic follow-up is necessary to maintain patient compliance.
INTRODUCTION
Despite the decrease of mortalitiy due to urological complications in the last decades, the urinary tract problems, stands out as an important cause of morbidity in patients with spinal cord injury (SCI). The impaired bladder function incurs a risk of developing various urological complications, such as urinary tract infections (UTIs), nephrolitiasis, incontinence and impaired renal function. 1 Bladder management is a crucial element in improved outcomes for individuals with SCI. The primary goal of bladder management in SCI patients is to achieve adequate bladder drainage, low-pressure urine storage and low-pressure voiding. 2 As its introduction by Lapides, clean intermittent catheterization (CIC) is established as a safe, effective and convenient treatment modality in selected SCI patients. 3 It has become the standard procedure for managing the neuropathic bladder of SCI patients. 4 At admission to our hospital most of the patients have an urethral indwelling catheter (IC). After full discussion and with the agreement of the patient, our policy in spinal cord injured patients, who do not regain normal micturation, is to carry out long-term CIC if possible, enabling them to be continent and catheter free. However, at long time follow-up, we observed that some of the patients changed their bladder management method without any medical consultation.
The aims of this study were, to determine SCI patients' compliance with the method of bladder management they used at inpatient rehabilitation discharge, investigate the reasons for discontinuing the regimen and identify the frequency of symptomatic UTI with different bladder management methods.
MATERIALS AND METHODS
The medical records of 164 new SCI patients admitted to Baskent University Ayas Physical Medicine and Rehabilitation Center from 1995 to 2005 were reviewed. Patients with poor cognitive functions and under 18 were not included in the study. Age, gender, education level, SCI etiology, level of neurological injury, completeness/incompleteness of injury based on The American Spinal Injury Association (ASIA) Impairment Scale (AIS), time since injury, length of stay in the hospital during rehabilitation period, functional state of patient at admission and at the end of rehabilitation right before discharge by using Functional Independence Measurement (FIM) scores and bladder emptying method at discharge and at every follow-up were recorded. The FIM is a functional assessment tool commonly used in the inpatient rehabilitation setting. Eighteen different activities (13 motor, 5 cognitive) are scored on a scale of 1-7 with a score of 1 indicating complete dependence and 7 indicating complete independence. For each case, the total FIM score on admission and at discharge were recorded. 5 According to their bladder emptying method at discharge the patients were divided into four goups: (1) IC group; (2) CIC group; (3) reflex voiding group (subjects who used suprapubic tapping or spontaneous bladder emptying) and (4) normal voiding group (subjects who reported no signs of neurojenic bladder dysfunction). The primary source of follow-up was the medical records of the patients. Furthermore, all the patients were contacted by telephone. The patients were questioned and the informations specifically recorded included, the bladder emptying method they used after discharge, if the patient discontinued CIC, the time they quit CIC and the reason for discontinuation, type of catheter used by patients who continued with CIC (nelaton/hydrophilic), whether the patient had difficulty in obtaining the catheter, and the frequency of symptomatic UTI treated with antibiotics within 1 year. Symptomatic UTI was defined as significant bacteriuria (410 4 colonyforming units per ml) plus one or more clinical signs and symptoms such as fever, suprapubic or flank discomfort, bladder spasm, increased spasticity, for which no other etiological cause could be identified. 6 The study was approved by the hospital's Ethics Commitee and carried out according to the institutional guidelines and the principles of the Declaration of Helsinki.
Statistical analysis
Statistical analyses were performed with SPSS software (Statistical Package for the Social Sciences, version 13.0, SPSS Inc., Chicago, IL, USA). Independent samples t-test was used to compare parametric variables with normal distributions. Mann-Whitney test was used for between group comparisons, w 2 test was used to evaluate categorical variables and Spearman test was used to analyse correlations. A P-value of o0.05 with 95% confidence level was considered statistically significant.
RESULTS
A total of 164 SCI patients' medical records were reviewed and all the patients were contacted by telephone at follow-up. Demographic and clinical characteristic of the patients are presented in Table 1 . The etiology of lesion was traumatic in 139 (84.8%) patients and non-traumatic in 25 (15.2%) patients. On the basis of neurological levels, 43 (26.2%) of the patients were tetraplegic (C4-T1), 87 (53%) were paraplegic (T2-T12) and 34 (20.7%) had conus-cauda equina (L1-S4) injury. The method of bladder management at discharge from the rehabilitation center, was CIC in 104 (63.4%) patients, IC in 16 (9.8%) patients, reflex voiding in 25 (15.2%) patients and normal voiding in 19 (11.6%) patients. At discharge, CIC was the most common badder emptying method (63.4%) and the majority of the patients on CIC were AIS A.
A total of 164 patients were followed for 5-84 months (average 53.9 ± 27.67). Follow-up data revealed significant rate of change in the bladder emptying method. The method of bladder management at follow-up was CIC in 60 (37.5%) cases, IC in 21 (13.1%) cases, reflex voiding in 57 (35.6%) cases and normal voiding in 22 (13.8%) cases. Demographic and clinical characteristics of the patients according to their bladder emptying method at discharge and follow-up are given in Table 2 . At follow-up, 44 (42%) of the 104 patients stopped using CIC. Of the 44 patients, 9 (21.4%) reverted to IC, 31 (73.8%) started reflex voiding and 2 (4.8%) regained normal voiding. None of the patients in the reflex voiding group or in the indwelling group shifted to CIC at follow-up, on the other hand two of the patients on IC group shifted to reflex voiding and one patient regained normal voiding at follow-up. Four of the 164 patients died of non-urological conditions at follow-up and 2 of these patients were on CIC at discharge. Demographic and clinical characteristics of patients who continued to use CIC and who stopped CIC are shown in Table 3 . All A weak correlation was found between catheter types and compliance but there was no significant difference in compliance between patients using PVC catheter or hydrophilic catheter. Long-term compliance was not correlated with neither age nor level of lesion. Factors affecting long-term compliance with CIC are given in Table 5 .
The FIM scores at admission and discharge were significantly higher in the CIC group than the IC group (P ¼ 0.005 and P ¼ 0.013, respectively). However, there were no statistical significant difference in admission and discharge FIM scores between the patients who continued to use CIC or used IC after discharge from the hospital at follow-up (P ¼ 0.074 and P ¼ 0.236) ( Table 6 ). Similarly, there were no significant difference in FIM scores of the patients who remained with CIC and those who changed (Table 7) .
When all the patients where questioned, the frequency of UTI once a year was 38.8%, two times per year 25.9%, three times per year 30.6%, four times per year 8.2%, six times per year 2.4% and eight times per year was 1.2%. The UTI frequency according to different bladder management methods have been given in Table 8 . There was no statistically significant difference in the frequency of UTI between 
Abbreviation: CIC, clean intermittent catheterization. the IC and the CIC group (P ¼ 0.132, X 2 ¼ 2.268). Similarly, there was no significant difference in the frequency of UTI between PVC and hydrophilic catheter users in the CIC group (P ¼ 0.499). Also no significant association was found between educational levels and the frequency of UTI in all the groups (P ¼ 0.987).
DISCUSSION
In SCI patients where spontaneous voiding could not regained, CIC, is considered to be the most appropriate and safest bladder management method in terms of urologic complications. 7 Our standard neuropathic bladder protocol in SCI patients is to perform urine analysis, creatinine clearance, ultrasound examinations and urodynamic studies during their stay and at follow-up if possible, initiate oral anticholinergic medication to patients with a reflex bladder and sustained high intravesical pressures and switch to CIC if possible. As soon as the patient's condition is stable oral fluid intake is restricted to 2000 meals per day and CIC 5 to 6 times per day is started. Those patients with inadequate hand function to selfcatheterise depend on family members or care attendants to carry out the technique. Review of the literature reveals high levels of changing methods from CIC to IC in SCI patients. Perkash et al. 3 have followed 50 patients with an average of 22 months, and have reported that 66% of the patients stopped using CIC at follow-up. In a study by Dahlberg et al. 8 the rate of use of CIC have been reported as 36% in 129 patients with 18 years of average duration of injury, however, they also reported that 65% of these subjects also used other methods for bladder emptying. Changes in bladder emptying methods in SCI patients partially depend on newly emerging informations in the literature. With time, bladder management with CIC has increased in popularity. Cameron et al. 9 have reported that the use of CIC increased from 12.6% in 1972 to a peak of 56.2% in 1991. However, only 20% of patients initially on CIC remained on this form of bladder management. They also reported that IC use initially decreased from 33.1% in 1972 to 16.5% in 1991 but increased to 23.1% in 2001. 9 In our study, the rate of CIC use at discharge was 63.4%, at follow-up, this rate decreased to 37.5% while the rate of reflex voiding increased from 15.2% to 35.6%. However, we found that the most common used method of bladder emptying at followup was still CIC. Studies have suggested that the rate of reverting to IC from CIC is higher in female patients and it has been reported that females find this procedure more distressing and uncomfortable than males. 4, 10 Timoney et al. 11 have reported compliance with CIC as 50% in female patients. The major reasons for low-compliance rates in these studies were the persistence of urinary incontinence despite anticholinergic therapy and lack of availability of external collective devices in female patients. 4, 11 In contrast to the literature, all of the nine patients who reverted from CIC to IC in our study were males. This may be explained by the fact that most of our female patients using CIC were paraplegic (88.3%) cases who could perform catheterization independently and that only four of them were tetraplegic.
Individuals with tetraplegia, regardless of gender, report greater satisfaction with suprapubic catheter or IC use compared with CIC. 2 Similarly, in our study 50% of the tetraplegic patients were placed on IC. The reasons in two patients who changed their bladder emptying method from CIC to IC were inadequate hand function and lack of family support to carry out the technique.
On the other hand, we found that FIM scores at admission and discharge were significantly higher in the CIC group than the IC group, however, there were no statistical significant difference in FIM scores of the patients who remained with CIC and those who changed, which suggests that even though some patients were able to perform CIC they moved into the IC group. This shows that FIM scores does not have a significant role in compliance and other factors related with patients' adherence should be further investigated.
There are also several studies reporting higher long-term compliance with CIC. These studies revealed compliance rates ranging from 71 to 86% at 5-10 years follow-up. [12] [13] [14] [15] In our study, compliance with CIC was 57.7%, lower than those reported by other studies. Among patients who discontinued CIC, 73.8% started to have reflex voiding and 4.8% regained normal voiding. This may be due to high number of patients with AIS D in our study. Chai et al., 12 Hill et al., 13 Gallien et al., 14 and Maynard et al. 15 reported the rate of changing from CIC to IC as 6.7%, 15%, 6% and 6%, respectively. Similarly, the rate of discontinuing CIC and changing to IC was 8.6% in our study.
Several factors including (1) persistent incontinence despite anticholinergic agents; (2) severe spastisity of lower extremities; (3) trauma to the lower urinary tract and orchiepididimitis; (4) severe upper urinary tract complications, such as pyelonephritis and hydronefrosis have have been found responsible for discontinuaton of CIC. 16 In our study, the reasons for discontinuing CIC were recurrent symptomatic UTI, incontinence, nephrolithiasis, dependence on care givers and urethral stricture. Spasticity was not one of the reasons in our study because CIC was not preferred as a method of bladder drainage in patients with severe spasticity in the lower extremities despite medical therapy, at discharge. This might also explain why upper urinary tract complications such as hydronephrosis were not observed at follow-up in this study. On the contrary, as the subjects in this study were followed for a maximum of 7 years, it was possible that insufficient time had elapsed for different bladder management methods to cause significant changes in the upper urinary tract.
The overall rate of UTI in the literature changes from 1.82 to 2.5 episodes per year. 17, 18 In our study, most of our patients (38.8%) reported UTI as once a year. Dahlberg et al. 8 have reported that, the maximum frequency of UTI was seen in the group that combined CIC with other methods such as suprapubic tapping, spontaneous reflex voiding, compression or straining and UTI frequency was lower in the group using suprapubic tapping alone than the group using CIC alone. Similarly, in our study, the number of UTI was lower in the reflex voiding than the CIC group. Furthermore, in accordance with the literature the incidence of UTI was highest in the IC group. The reported benefits of hydrophilic catheters compared with PVC catheters include, reduced UTIs, reduced microhematuria and high levels of patient satisfaction. 19 In a metaanalysis that examined six studies including 548 patients with SCI, during the implementation of CIC, the groups using hydrophilic catheter and nonhydrophilic catheter were compared and the incidence of UTI was found to be lower in the group using hydrophilic catheter. 20 In our study, 32 (53.3%) patients used PVC catheters and 28 (46.7%) patients used hydrophilic catheter. The incidence of UTI was 2 episodes per year for PVC catheter users and once a year for hydrophilic catheter users. Although the difference between the two groups was not statistically significant, the subjects who used hydrophilic catheter had less UTI than those who used PVC catheter (P ¼ 0.05).
Recurrent symptomatic UTIs can be a problem for many patients performing CIC at long-term. 21 The causes of UTIs in patients performing CIC are inadequate frequency of emptying, inadequate emptying at the time of catheterization, poor catheterization technique and catheter care and traumatic catheterization. Bladder stones, caused by the introduction of pubic hair or loss of the catheter in the bladder, can also be seen in patients performing long-term CIC. 22 Bladder stones may also be one of the causes of recurrent UTIs. Symptomatic UTIs have a negative impact on long-term compliance. In case of nephrolithiasis or UTI, oral hydration and pain management are a part of acute treatment. 23 Most of the SCI patients performing CIC are placed with urethral IC in emergency departments or medical centers at the acute period of UTI or nephrolithiasis. However, at long-term period these patients aren't informed about removal of IC and continuing with CIC regimen. Recognition of appropriate removal of IC should be improved among general practitioners and residents.
In determinig compliance, first of all physicians needs to identify the barriers to implementing intermittent catheterization. 24 Correct choice of catheter, which is most appropriate for the patient is necessary. Proper education of patients and urgent need for provision of trained care givers to perform CIC is essential. Furthermore, assessment of catheterization technique and professional instruction on catherization technique to avoid trauma to the urethra and periodic urologic follow-up is necessary to obtain and maintain patient compliance. Another important factor is the motivation of patients and care givers to carry out intermittent catheterization four to six times a day. In a recent study by Akkoc et al. 25 it was reported that the patients experiencing the highest distress and limitations were those using CIC performed by a caregiver/attendant.
As the limitations of our study, although primary source of followup was medical records from outpatient clinics, all of the patients were contacted by phone and therefore urine cultures, ultrasound and urodynamic data could not be obtained in most patients at follow-up. Moreover, urinary complications were not addressed in this study.
CONCLUSION
This study highlights the significance of compliance rate evaluation, which is a very important variable to determine the treatment success and the health system efficiency. The optimal method of bladder management still remains controversial in SCI patients. Many factors including urological complications, patient's preference, living environment, life-style and level of injury should be considered in deciding the method of bladder management in SCI patients. We agree with the authors that inappropriate selection of bladder management method not only adversly affects a patient's quality of life, but also has a significant detrimental impact on the economic status of the health-care system. 7 CIC is the most preferred, reliable and successful long-term bladder emptying method in selected SCI patients who can peform catheterization independently. Nevertheless, if there is sufficient family or care attendants support to carry out the technique, CIC should be preferred for bladder management even in patients with inadequate hand functions. However, periodic follow-up and effective education of the patients and caregiver/attendants on long-term CIC use, complications and catheter care are essential for long-term compliance.
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